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low level which never induced the response, and a higher level which always induced the response. The average of a series of such stimulations was taken as the threshold estimate.
The criteria for stimulation-induced eating or drinking were three: i) that the animal actually appear to take food or water into the mouth and swallow it, ii) that the animal initiate this response during the stimulation period, and iii) that the animal terminate the response on termination of the stimulation train. The animals were sated during the tests; if an animal was observed to eat or drink during a period of no stimulation, it was returned for at least 30 min to a cage where it had free access to food and water. Animals rarely ate during the nonstimulation periods. The mean eating and drinking thresholds at successive placements (0.113 mrn apart) are shown in Fig. 1 I, thresholds decline with electrode movement at the dorsal boundary of the system, since each electrode movement brings the electrode tip closer to the target system. As soon as the tip is within the target system, minimal stimulation is required to induce a response, and so long as the stimulating field remains entirely within the boundaries of the system there will be no further change in the current needed to produce a response. As the electrode tip approaches the ventral boundary of the system, a portion of the stimulating field will no longer be effective, since it will excite adjacent tissue, and higher stimulating intensities will be needed to reach the same number of elements in the target system. Thus again at the ventral boundary of the systems, threshold gradients will change dramatically.
Case 11 illustrates the condition where the stimulating field is large and the target system small. In this case the threshold gradients are always changing, since much of the stimulating current is spilling into adjacent systems. Any electrode movement that brings the electrode closer to the center of the target system will reduce the spillage, and thus reduce the amount of current needed for a response. That is, the less distant the system is from the electrode tip, the less spread of current will be necessary to activate a significant portion of the system. Thus the flat threshold gradients observed between the dorsal and ventral boundaries of the eating and drinking systems in the present study rule out the possibility that the spread of current might be large relative to the size of the systems stimulated.
In the present study the flat threshold gradients within the boundaries of the systems (especially animals 12 and 14) also indicate that the systems are homogeneous in sensitivity to stimulation.
If they were not, electrode movements that brought the electrode to more sensitive areas could cause threshold reductions, even though the stimulating field might be completely contained within the system (see case III, Fig. 2 ).
The abrupt changes in threshold as a function of electrode movements of $6 mm suggest that the spread of current is quite small. However, it is difficult to estimate the exact spread of current from these data because the slope of the threshold gradient is not only influenced by the nature of the current spread from points distant from the target system, but also by the nature of the influence of current on the adjacent systems. Cases IV and V (Fig. 2 ) illustrate that the slope of the threshold gradients can be greatly influenced by an antagonistic system bordering the target system and by the nature of the boundary between the target and antagonistic systems. When there is a bordering antagonistic system, thresholds are influenced by the fact that borderline stimulation activates not only the targe t system, but also activates tissue which an tagonizes the response in question.
If the excitation is not stronger than the inhibition, then an electrode placement will be ineffective even when it is still within the anatomical boundaries of the target system. In this case the electrode will appear to be out of range of the target system when it really is not.
Thus, before interpreting the rapid changes in eating and drinking thresholds which were found with electrode movement at the boundaries of the eating and drinking systems in the present study, it is necessary to determine both eating and drinking in the fornix. While this is possible, the possibility seems remote, and the assumption will be made that at least some of the ventral threshold gradients were simply due to movement of the electrode away from the target systems and into tissue that did not mediate responses that interacted with eating or drinking. If the threshold changes can be assumed to be simply due to movement of the electrode out of range of the eating and drinking systems without complication from antagonistic systems, then the present data suggest a much smaller spread of current than has been previously suspected. The data from animals 6 and 14 would suggest that electrode movements on the order of x mm could carry the electrode from a placement where a ZO-or 30-pa field was completely contained within the boundaries of the system, to a site where a loo-pa current was not sufficient to significantly activate the target system. The data from animals 5 and 15 suggest a more modest but still limited spread of current; here the spread of current at loo-pa intensities would appear to be on the order of x-35 mm. Thus, the present study suggests that the spread of current in hypothalamic stimulation studies, where a small monopolar electrode tip is left uninsulated, can be as small as 36 mm or less for stimulation intensities around 25 pa, and on the order of x or 54 mm or less for intensities as high as 100 pa. These estimates seem surprisingly low in terms of the estimate by the cu rrent spread from monopolar electrodes is less would be obtained from bipolar electrodes of the same diameter. intensities used in the present experiment, it is likely that
